Charged pions and light nuclei (p, d, t, 'He, and He) have been measured in the interaction of proton beams with C, Nb, and Pb targets at 0.8 and 1.6 GeV incident energies, using a large solid angle detector. From slices on the multiplicity of protonlike particles (free protons and protons bound in light fragments), the events have been sorted out into two classes corresponding to more peripheral and more central collisions. For each class of events, the mean value and the dispersion of the m+ and m. multiplicity distributions have been studied as a function of target mass and incident energy. Comparisons to the Liege intranuclear cascade predictions exhibit some discrepancies which are discussed.
I. INTRODUCTION
Pion production in both proton-nucleus (pA) without local density dependence.
In order to check the ingredients of these transport theories, it is important to have proton-nucleus data. Extensive measurements of inclusive pion production in pA collisions now exist between 0.2 and 1 GeV incident energies. ' ' However, because of impact parameter averaging, such experimental information has its maximum weight for peripheral collisions and cannot provide a valid test of what would be the inAuence of any densitydependent force. The aim of the present work was to get information on the pion production in proton-nucleus collisions together with a criterion which allows the selection of the density. To achieve this goal, both m+ and~multiplicities were measured with selections on the multiplicity of protonlike particles (free protons and protons bound in light composites) in order to distinguish between peripheral and nonperipheral collisions.
In Sec. II, the experimental layout and data reduction procedure are described. As the INC calculations used for comparison to the experimental data strictly follow the procedure given in Ref. 14 The mean multiplicities of charged pions measured at the two energies 0.8 and 1.6 GeV are displayed as a function of target mass in Fig. 6 for peripheral collisions and Fig. 7 the peripheral collisions due to the 2~b db weight. The inclusive data of Cochran et al. ' and Crawford et al. ' show that the pion cross sections vary as
where a and f3 are constants, and Zz and NT are, respectively, the target proton and neutron numbers. Such a behavior was explained by the fact that the~+ production is essentially coming from the first proton-proton collision, leading to a 6 excitation and decay. In contrast, the m production process is more complicated than expected from the isobar model, an important source coming from the~+n~~+p charge-exchange reaction so that the vr production cross section is proportional to the nuclear area times (Nr iA T ), where A T is the target mass, or roughly proportional to (NT) As the total reaction cross section varies as ( Az. )~, one expects the following dependences of the pion multiplicities:
The Nb-to-C and Pb-to-Nb ratios of pion multiplicities calculated with the preceding formulas and extracted from the experiment are compared in Table IV ' at 730 MeV are, respectively, 5.3 and 1.95 for the C and Pb targets, values which are closer to our experimental values than the INC predictions. For "peripheral" collisions, experimental rr+/rr multiplicity ratios are not well described by INC calculations. For the inclusive cross sections, ' it was found that, in the case of heavy targets, the absolute cross sections were overestimated by the calculations for both~+ and~, but the ratios were in satisfactory agreement with the experimental values. These differences between results from peripheral collisions and inclusive measurements are not completely understood. They might result from the fact that we are dealing with a more restrictive region of the pion phase space, larger angles, and kinetic 
